Ion currents through mutant phospholemman channel molecules.
Phospholemman (PLM), a small membrane protein with a single transmembrane domain, is a major substrate for protein kinases in muscle. In lipid bilayers, PLM forms ion channels with two unusual features--selectivity for the zwitterion taurine, and switching among cation- and anion-selective conformations. To investigate the molecular determinants of channel behavior, we measured ion currents through (1) PLM channels with point mutations in the extracellular and cytoplasmic domains, (2) chimeric PLM channels with the transmembrane domain of IsK, a K channel subunit, and (3) truncated PLM channels lacking the cytoplasmic domain. Truncated channels and those with a mutation at the cytoplasmic face had altered selectivity. Channels with a point mutation near the extracellular face were non-selective. Switching among channel conformations was less frequent in truncated channels and in channels with point mutations in either the extracellular or cytoplasmic domain. Chimeric channels with a different transmembrane domain had only a small reduction in conductance. We conclude that both the extracellular and cytoplasmic domains play roles in channel selectivity and conformational changes. Cation-binding sites appear to lie in the cytoplasmic domain, and an anion-binding site may reside in the extracellular domain. The cytoplasmic domain may function as a "ball and chain" to regulate channel selectivity.